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Turfgrass establishment on sand-based rootzones is routinely accomplished by
using sod produced on a fine-textured native soil. As a result, soil layering occurs,
potentially causing initial reduction in water infiltration, rooting, aeration, and overall
turfgrass quality. This research was aimed at determining the feasibility of applying sand
over existing native soil to produce hybrid bermudagrass (Cynodon dactylon [L.] Pers. x
C. transvaalensis Burtt-Davy) sand-based sod. Factors evaluated were visual quality and
scalping. Treatments were harvested and transplanted to a sand-based research green
where handle-ability, tensile strength, and infiltration were also evaluated. Results
indicate aerify and topdress treatments showed higher quality pre-harvest. Control and 25
mm treatments were best in terms of harvesting, handle-ability, and sod tensile strength.
Infiltration data indicated no significant differences between treatments. These outcomes
along with further analysis could provide sod producers with a valuable product for use
on sand-based rootzones.
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CHAPTER I
INTRODUCTION

The term sod refers to sections, squares, ribbons, or pieces of turfgrass
accompanied by adhering soil that can be used for vegetative plantings (Beard, 1973;
Turgeon, 2008). The commercial sod industry as we know it today took flight in the late
1950’s largely due to higher quality turf being established in the least amount of time
with lower weed pressure as compared to other methods of establishment such as sprigs,
plugs, or seeds (Beard, 1973). Additionally, turfgrass science as a whole was making
huge strides in terms of research and new improved ideas and methods of producing,
managing and maintaining turfgrass. Improved cultivars were released, new pesticides
and fertilizers were developed, and many enhancements were made to the cultural
techniques through which turfgrass was managed, thus the 1950’s proved a turning point
in the turfgrass science arena (Beard, 1973).
Sod harvested in the United States increased 5.9% from 2002 to 2007, with total
sod harvested in 2007 equaling 165,694 ha (USDA; NASS, 2007). In Mississippi, an
increase of harvested sod was also recorded from 2002 to 2007; with 57 farms harvesting
over 2,500 ha in 2007 and sales totaling over $11,000,000 (USDA; NASS, 2007). The
uses for sod are widespread and include home lawns, roadsides, schools, golf courses,
athletic facilities, parks, and other commercial areas (Beard, 1973). Over 1,000,000 ha of
turf is currently being maintained in Mississippi with the majority being roadsides and
1

home lawns followed by golf courses, athletic facilities, schools, and other commercial
areas (Mississippi State University Extension Service, 2011). The sod industry is an
important facet of the turfgrass community; furthermore, contributes to overall economic
growth and helps provide the benefits of turfgrass to humans around the world.
As mentioned, along with the 1950’s came major enhancements and changes in
the area of turfgrass research and the industry as a whole. One product of the research
from the 1950’s came in the form of using sand as a material for the construction of
athletic fields and putting greens. In the mid-1950’s the California Method of Sand
Putting Green Construction was outlined and shortly after that in 1960 the United States
Golf Association (USGA) published their version of specifications for putting greens
constructed with sand, this was followed by the Prescription Athletic Turf (PAT) system
developed in 1971 by Dr. William Daniel at Purdue University (USGA, 1960; Daniel,
1973; Puhalla, et al. 1999). In the USGA specifications published in 1960, the authors
noted that high levels of traffic and golf activity on golf courses lead to decreased overall
quality of the turf. They mention the basis for considering these specifications two fold;
first, acceptable drainage and second, resistance to compaction (USGA Greens Section
Staff, 1960). As a result, sand was selected for two main advantages over native soil: (1)
drastically improved drainage and (2) protection form compaction due to the coarse
texture and large pore space of sand (USGA, 1960; Bingaman and Konke, 1970; Puhalla
et al., 1999). The USGA Green Section Staff continue by stating these issues cannot be
reached without some comprise in terms of establishment issues and management
concerns; however, they believed the benefits out-weighted the challenges. Since that
time, golf courses and the sports turf industry have moved away from native soil greens
2

and fields to more sand-based construction because of the afore mentioned reasons
(Follis, et al., 2009).
The increase in sand-based construction has introduced some challenges. In
particular, one obstacle is the use of native soil-based sod as a means of turfgrass
establishment on a sand-based construction. Puhalla, et al., (1999) highlight several
issues to account for when selecting sod that will be used for establishment purposes on
sand-based constructed sites. It is important to select a sod that has been cultivated and
grown on a soil that matches up both physically (i.e. texture, porosity) and chemically
(i.e. cation exchange capacity) with the soil on the field or green where it will be
installed, especially with sand-based fields or in modified field situations (Puhalla, et al.,
1999). In many parts of the country sandy soils are not readily available for use by sod
producers, and this can pose some issues for the sod growers as well as for athletic
facilities managers and golf courses superintendents. The sod growers may encounter
difficulties selling into this particular market. On the other hand, athletic facilities
managers and golf course superintendents may be forced to pay higher costs for sod
transported long distances. One example is Target Field in Minneapolis, Minnesota.
Opened on April 10, 2010 this sand-based constructed field was sodded with turf that had
to be transported over 1,250 km on a refrigerated truck in order to have a sod that was
grown on a similar sand-based rootzone (Peeler, 2010). Athletic field turf managers and
golf course superintendents may also be faced with the challenge of overcoming negative
effects of placing a fine textured native soil-based sod over a sand-based constructed
rootzone. This creates layering in soils where either a fine-textured soil is over a coarsetextured soil or vice versa. Both instances can potentially cause decreased infiltration
3

rates (Jury, et al., 1991). Along with infiltration concerns, this situation can increase
compaction from equipment and foot traffic also causing problems with drainage, air
movement, and rooting (Beard, 1973; Puhalla, et al., 1999; Taylor, et al., 1991). This is
especially relevant in the re-establishment of turf on sand-based facilities because sod is
often used for its rapid establishment. This can create the previously mentioned problems
with infiltration because most of the sod is produced on a fine textured native soil rather
than on a sand-based soil.
Sand-based construction has been a great tool and played a large role in aiding
sports turf managers and superintendents when dealing with the pressures of producing
and reproducing optimum playing conditions on athletic fields in a wide variety of
circumstances. However, high quality playing surfaces on sand-based construction do not
come without challenge. The goal of this research is to determine the feasibility of
applying sand over existing native soil in order to produce a sod suitable for selling into
the sand-based constructed facilities market. Specific study objectives of this research are
to: 1) investigate producing sand-based sod on two different native soil types using
transported / incorporated sand, 2) examine and evaluate sod quality pre-harvest, at the
time of harvest, and post-harvest, and 3) determine any additional inputs required to
produce sand-based sod with imported/incorporated sand.
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CHAPTER II
LITERATURE REVIEW

Turfgrass Species
Bermudagrass (Cynodon dactylon L.) is native to Africa and came to America
first in 1751 (Burton, 1962). Bermudagrass is a warm-season perennial turfgrass ranging
from California to Florida and north into Indiana and Illinois (Dunn and Diesburg, 2004).
Bermudagrass spreads very aggressively via stolons and rhizomes and forms a dense
thick blanket of turfgrass sod. Stolons can grow up to 6 feet in one year, however;
bermudagrass does have a need for full sun and does not perform well in the shade
(Duble, 1989). Bermuadagrass is adapted to moderately well-drained soils, a wide range
of pH from 5.5 to 7.5, and exhibits excellent heat and drought hardiness (Beard, 1973;
Turgeon, 2008). In the southeastern part of the U.S. bermudagrass is an excellent choice
on athletic fields, golf courses, home lawns and many other all-purpose areas. Nitrogen
fertility requirements can be high depending on the desired quality of the turfgrass,
ranging from 24 and 74 kg ha-1 month-1 during the growing season (Beard, 1973).
Because of its aggressive growth habit, bermudagrass also exhibits superior traffic
tolerance, recuperative potential and will tolerate low mowing heights (less than .64 cm)
depending upon the cultivar (Beard, 1973; Turgeon, 2008).
Hybrid bermudagrass (Cynodon dactylon [L.] Pers. x Cynodon transvaalensis
Burtt-Davy) is a sterile triploid with 27 chromosomes (2n=3x=27) and is a man-made
5

interspecific hybrid between common bermudagrass (Cynodon dactylon L. var. dactylon)
and African bermudagrass (Cynodon transvaalensis) (Turgeon, 2008). There have been
many different cultivars of hybrid bermudagrass released through the years that have a
wide range of adaptations and uses. In 1956 Tifgreen (Tifton 328) was released and was
widely used on golf greens in warm subtropical climates until the release of Tifdwarf in
1965 (Turgeon, 2008). The desire for lower mowing heights lead to the release of
Tifdwarf which was followed by ultradwarf hybrid bermudagrasses that allowed for even
lower mowing heights due to shorter internodes, fine leaf texture, and high shoot density.
Flora dwarf and TifEagle were released in 1995 and 1997 respectively. Since that time
many more new ultradrawf cultivars have been released including; Champion, Classic,
Florida Dwarf, MS Supreme, and Mini Verde (Turgeon, 2008). Ultradrawf hybrid
bermudagrasses are mainly used on golf greens. Another hybrid bermudagrass released
for use on putting greens, tennis, and bowling greens is MS-Express (Krans et al., 1995).
This hybrid bermudagrass was released in 1991 by the Mississippi Agricultural and
Forestry Experiment Station. MS-Express has a fine texture, medium-green color, and
quick establishment (Krans, et al., 1995). Closer mowing demands in recent years in
sports turf situations could allow MS-Express to also be used on athletic fields due to its
ability to tolerate lower mowing heights.
One of the most widely used hybrid bermudagrasses on athletic fields in the
southeast is Tifway (Tifton 419). Tifway was developed by Dr. Glenn W. Burton and
released in 1960 by U. S. Department of Agriculture, the Georgia Coastal Plain
Experiment Station, and the U. S. and Southern Golf Associations (Burton, 1966).
Tifway was noted for its dark green color, disease resistance, medium-fine texture and its
6

use on athletic fields, golf courses, and home lawns (Burton, 1960; Burton, 1966; Beard,
1973; Turgeon, 2008). Several other hybrid bermudagrasses have been developed for use
on athletic fields and home lawns in cool subtropical climates. Midway, Midlawn,
Midfield, Patriot, and Tifsport have shown improved cold tolerance (Turgeon, 2008).
These hybrid bermudagrass cannot be established from seed; they must be vegetatively
propagated through stolons, rhizomes, sprigs, plugs, or sod.
Vegetative Propagation Methods
Numerous things should be taken into consideration when constructing or
renovating athletic fields or golf courses, among which one is time. Often a construction
schedule, which is highly dependent on weather, determines what establishment method
is used due to a designated opening date that is usually not flexible. As the high
demands for these venues continue to climb, establishing a green or athletic facility from
seeds will take too long and in many cases is not an option (Shank, 2000). Added to that
many cultivars used on these areas such as hybrid bermudagrass can only be established
through vegetative means. Sod is often used because of the rapid establishment time and
the lowered weed pressure compared to other vegetative methods (Beard, 1973). Sod can
be established in 4-6 weeks, where other vegetative methods can take 2 months (Puhalla
et al., 1999). Sod with its added benefits can however also pose some problems. Sod can
be more expensive for establishment because of the methods of harvest, transporting, and
installation. Additionally, Puhalla, et al. (1999), state that especially on sand-based
systems it is important the soil the sod is grown on is similar both physically and
chemically to the soil of the field or green where it will be installed. In many cases the
soil the sod is grown on contains a higher content of fine particles such as clay and silt,
7

which stay attached to the turfgrass and then create problems when installed over sandbased construction. Having the fine textures laid over the more coarse textured sand can
cause layering issues, rooting problems and infiltration concerns (Puhalla, et al., 1999).
Soilless and washed sod has been researched as a substitute means of traditional
sod. Washed sod can be grown on a native-soil field and then be harvested and have the
soil removed usually through washing the roots. This method has shown some promise in
overcoming the effects of rooting and infiltration (Turgeon, 2008). In a study done that
compared washed sod to unwashed sod, the results indicated the washed sod showed
superior rooting to sod where the roots had not been washed free of the existing soil
(Davis and Pratt, 1983). In a similar study the results indicate sod that was washed of
existing soil exhibited higher infiltration rates than the sod that was unwashed (Casimaty
et al., 1993). Growing soilless sod has also been researched and successfully
accomplished with the use of mats from various materials. Mississippi State has
developed soilless sod using mats made from byproducts of cotton to grow the turfgrass
and then the mats breakdown in 150 days (Baldwin, et al., 2002). Benefits of this type of
sod include; decreased time of production compared to traditional field grown sod and
less weight which can mean lower shipping costs and more per load (Baldwin, et al.,
2002). Traditional field grown sod can take up to 4 months to establish before it is ready
to be harvested. Mr. Wallace Sansing of Sansing Sod Farm said typically they like to
harvest a field only once per year, although, with hybrid bermudagrass they can harvest
in April and get another harvest in September. If they do harvest the same field twice in
one year he said the following year they could only get one harvest and it would not be
ready until mid-summer (Wallace Sansing, 2013). A concern for washed and or soilless
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sod is the amount of stress caused by lack of water in contact with the roots during
transportation and establishment. Hensler, et al, (1998), indicated the soilless sod had an
increased tendency to wilt compared to the sod produced in the field. Another concern is
how this turf will respond to traffic, and some research has shown the need for
topdressing during establishment of soilless sod to help with thatch development
(Turgeon, 2008).
Vegetative establishment without transporting the soil can also be done by
sprigging, Sprigging is accomplished by using vegetative plant material in the form of
stolons and rhizomes to establish a dense, uninform stand of turf. The vegetative plant
material is spread over the planting surface and needs to come in good contact with the
soil and thus must be rolled or pressed into the soil and then lightly topdressed (Brosnan
and Deputy, 2008). This method of establishment does have some advantages, Puhalla, et
al., (1999) note that sprigging is more cost-effective when compared to sodding and the
vegetative plant material is free of any adhering soil (Beard, 1973; Turgeon, 2008). There
are also concerns with using sprigging to establish turfgrass. Sprigs can take up to 2
months to establish, several weeks longer than sod Puhalla, et al., 1999). Weeds and
controlling them can also be a concern because of the extended time to establishment. As
with the washed sod, because there is no adhering soil the stolons and rhizomes are at an
increased risk of drying out or desiccating and moisture management is critical (Beard,
1973; Brosnan and Deputy, 2008; Turgeon, 2008). Furthermore, newly established areas
from sprigs may not tolerate heavy traffic and will rip and tear especially in the first year
of establishment.
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Artificial Turf
Artificial turf has been around since 1965 and since that time has made inroads in
the athletic field arena, known for its use in all-weather situations and also the ability to
tolerate heavy and frequent use (Turfgrass Producers International, 2006). Natural grass
is still used in many situations however; Major League Baseball (MLB) and the National
Football League (NFL) in 2006 had a combined total of fifty stadiums of which fifteen
were artificial (Turfgrass Produces International, 2006). It would seem initially the
maintenance cost of artificial turf would be drastically less expensive than maintaining
natural grass but a budget comparison study at Brigham Young University showed some
interesting results. The comparison found for every $1.00 spent to maintain an artificial
field only $1.30 were spent to maintain a natural grass facility.The initial costs were
greater with the artificial field (Williams and Pulley, 2002). The initial installation for
artificial athletic field can cost from $600,000 - $1,000,000 along with annual
maintenance expenses (Kowalewski, et al., 2010 a). Heat buildup on artificial surfaces is
also a concern. A Study was done in Utah in June 2002 that compared temperatures of
several different surfaces. The average temperature was recorded from 7:00 AM to 7:00
PM on each surface. The average temperature on the natural grass field was 26 C with a
high of 31 C while on the artificial field the average temperature was 47 C with a high of
68 C; higher than on concrete and asphalt (Williams and Pulley, 2002). Currently player
safety is in the forefront of many parents, families, teams, and the athlete’s minds. In
2010, 1,619 active NFL players filled out a voluntary survey by the National Football
League Players Association (NFLPA) about the playing surfaces in the NFL. On average
82% thought artificial turf would lead to more injuries than natural grass, similarly 89%
10

thought artificial turf would lead to more soreness and fatigue as well as be more likely to
shorten their career (NFLPA, 2010).
Sand-Based Construction
With the pressures to play games on time and the repeated wear athletic fields
receive; the ability to drain water and resist compaction are two important factors to
consider when constructing athletic fields. In many cases sand is the material of choice in
construction because of its drainage capabilities and resistance to compaction (Li, et al.,
2009; Puhalla, et al., 1999). Air movement is also important for root growth and plant
health and the larger particle size of sand allow for better aeration and increased gas
exchange (Beard, 1973; Puhalla, et al., 1999). There have been several different
techniques researched and used in sand-based constructed rootzones including; the
United States Golf Association (USGA) method, Prescription Athletic Turf (PAT)
system, and the Built-up Sand-capped Athletic Field System also known as The Spartan
Cap Athletic Field System (USGA, 1960; Daniel, 1973; Kowalewski, et al., 2011).
The USGA method of construction, (USGA, 1960) was first published in the 1960
September edition of the USGA Journal and Turf Management, in which the authors give
the basis for selecting the material and outlining the specifications. The specifications for
the construction were updated in 1993, (USGA, 1993) where the physical properties and
particle size distribution are given. The USGA method is designed with a base layer of
10.16 cm of pea gravel (6 – 9 mm diameter), a middle layer of 5 – 10.16 cm of very
coarse sand to fine gravel (1 – 4 mm diameter), and a top layer of usually 30.5 cm of
rootzone mix (amended sand). The middle layer known as the intermediate layer can be
removed if the base layer is composed of a finer grade pea gravel (2 – 6 mm diameter)
11

(Puhalla, et al., 1999). The purpose of these different textures is to create a perched water
table, where the water will not move through the rootzone until almost the point of
saturation is reached (USGA, 1993). The particle size distribution of the rootzone mix is
outlined in the 1993 USGA specifications article by percentage of weight of total
material. These specifications along with the specifications for the PAT System are
shown in Tables 1 and 2 (USGA, 1993; Puhalla, et al., 1999).
Table 1

Particle size distribution specifications for USGA sand-based system.
Fine Gravel >2mm

3% max

Very Coarse Sand 1-2mm

7% max

Coarse Sand 0.5-1mm

60% max

Medium Sand 0.25-0.5mm
Fine Sand 0.15-0.25mm

20% max

Very Fine Sand 0.05-0.15mm

5% max*

Silt 0.002-0.05mm

5% max*

Clay <0.002mm

3% max*

*Total particles in these ranges shall not exceed 10%
Table 2

Particle size distribution specifications for the PAT sand-based system.
Fine Gravel >2mm

3% max

Very Coarse Sand 1-2mm

10% max

Coarse Sand 0.5-1mm

60-80% max

Medium Sand 0.25-0.5mm
Fine Sand 0.15-0.25mm

5-20% max

Very Fine Sand 0.05-0.15mm

5-10% max

Silt 0.002-0.05mm

6% max

Clay <0.002mm

6% max
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The PAT System was developed in 1971 at Purdue University by Dr. William
Daniel (Daniel, 1973, Puhalla, et al., 1999) The PAT System has a similar rootzone mix
to the USGA specifications (Table 1.). The PAT System differs in that the field is
designed to be flat so the water moves down through the rootzone (Daniel, 1973). A layer
of plastic is laid at the bottom of the rootzone which creates a holding tank for the water.
In some instances the water can be suctioned out of the rootzone by pumps attached to
the drain lines, but this can be expensive and sometimes a limited number of pumps are
not installed and only needed in extreme rain events. One of the first installations of these
systems was on a high school football field in Indiana in 1972. Mississippi State
University installed a PAT System in Davis Wade Stadium at Scott Field in 1974, which
was one of the first of its kind in the southeastern U.S. (SportsTurf, 1986).
Michigan State researchers have developed a system in which drains are installed
and the field is frequently topdressed. This allows for a sand cap to be “Built-up” over the
field. This system was initially called the Built-up Sand-capped System (Kowalewski, et
al., 2010 a) later named the Spartan Cap Athletic Field System, (Kowalewski, et al.,
2011) and is less expensive than the other methods of complete soil modification. In
order to construct a sand-based field the top 30 – 40 cm of existing material must be
removed and the rootzone reconstructed, which can be quite expensive, ranging from
$400,000 -- $600,000 compared to $58,200 -- $104,800 for the “Built-up” sand-capped
system (Kowalewski, et al., 2010 a). In this system drain lines are cut on the existing
field running long ways, 30 cm deep on 1.8 – 6 m centers. The drain tile is placed in the
trench, then the trench is partially back filled with pea gravel and then sand or coarse
sand exclusively is used to backfill the trench level with the playing field (Kowlaewski,
13

et al., 2010 a). After the drains have been back filled it is important to fertilize the turf
and or seed where appropriate to promote good cover over the sand, also to start
topdressing the entire field with the rootzone sand, with the goal being to add 5 cm as
quickly as possible without compromising the playability of the field (Kowalewski, et al.,
2010 a).
Topdressing
Topdressing as defined by Beard (1973) is the distribution of a thin layer of soil to
a turfgrass area. Topdressing is used for a variety of reasons including; modifying or
changing the properties of the surface soil, smoothing the turfgrass surface, thatch
control, promoting recovery after injury or wear, and covering vegetative plantings
(Beard, 1973; Turgeon, 2008). In a study looking at minimizing thatch build-up,
infiltration measurements were taken using a double-ring infiltrometer and the results
indicated that topdressing improved infiltration rates (McCarty, et al., 2005). Topdressing
can also increase shoot density and turfgrass cover. A study showed that applying 2.5 –
7.5 cm of topdressing material over 2 years can increase total turfgrass cover and shoot
density (Kowalewski, et al., 2010 b). Topdressing provides many benefits in turf,
however; as Turgeon (2008), mention layering can occur over time with topdressing with
different materials, which can lead to drainage and rooting issues. Selecting a topdressing
material is important and consistently topdressing with the same material along with
vertical mowing or hollow-time (coring) aerification to remove the thatch layers and
undesired soil textures prior to topdressing with help avoid layering (Turgeon, 2008).
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Core Aerification
Coring or core aerification is a practice where hollow tines are used to penetrate
the soil and remove the soil to leave open holes and these tines vary in size both in
diameter and length (Turgeon, 2008). The removed soil can be left and worked back into
the soil or be removed in situations where soil modification is desired (Beard, 1973). In
many cases core aerification is followed by topdressing and or fertilization. Compaction
is a major problem on athletic fields and golf courses where certain areas get repeated
traffic over long periods of time, which can lead to rooting, soil aeration, infiltration, and
surface water runoff problems overall effecting the turfgrass growth and development
(Beard, 1973). In a study done in South Carolina where the researchers looked at core
aerification and topdressing, the results showed the core aerification lowered bulk density
and surface hardness while increasing water infiltration (Atkinson, et al., 2012). Another
study produced similar results indicating core aerification reduced surface hardness and
increased infiltration rates (McCarty, et al., 2007).
The thatch layer is composed of living and dead partially decomposed organic
plant material fixed between the green leafy vegetation and the soil surface in turfgrass,
where the mat layer is similar but the plant residues or organic material (partially decayed
thatch) can be mixed with soil (Beard, 1973; Turgeon, 2008). Thatch can cause some
layering issues especially when mixed with topdressing and can effect water infiltration.
Other problems can include; insect and disease issues, dry spots, susceptibility to
scalping, and lowered heat, cold, and drought hardiness (Beard, 1973). The amount of
thatch content in the soil was shown to be reduced in the second year of a study with
increased aerification treatments (Atkinson, et al., 2012). A study done at Michigan State
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which looked at core aerification compared to solid-tine aerification (no soil removed)
showed the core aerification allowed for soil to be incorporated into the thatch layer
which helped with rooting and stresses caused by the thatch layer(Murphy and Rieke,
1990). The turf quality will initially decrease after core aerification because of the holes
created in the turf, but the turfgrass will recover and be healthier over time. Atkinson, et
al., (2012) observed after 4 weeks turfgrass quality normally showed improvements.
Water Infiltration
Infiltration refers to water moving into the soil and the rate of which the water
moves is known as the infiltration rate (USDA, NRCS, 1998). Changes in the infiltration
rate effect surface water runoff, erosion, drainage, and can lead to problems with the
overall quality of the turf in heavy rainfall situations. Sand, because of its high infiltration
and drainage capabilities among other benefits was selected as the material of choice for
constructing golf course greens (USGA, 1960) and athletic fields (Puhalla, et al., 1999).
One study looked at infiltration rates on four different soil types at the saturation point, a
sandy loam soil had an infiltration rate of 60 mm h-1, where the silt/clay soil had an
infiltration rate of 1 mm h-1 (Mclntyre and Jakobsen, 2000). The level of moisture present
in the soil also influences the infiltration rate. As the amount of water increases in the
soil, the rate of that water moving into the soil will decrease, and when the soil profile
becomes saturated the rate of water moving into the soil is constant and this point is also
referred to as the saturated hydraulic conductivity (Mclyntyre and Jakobsen, 2000). The
USGA outlines the normal range for saturated conductivity in USGA spec. sand-based
putting greens to be between 15 – 30 cm h-1 and the accelerated range to be between 3060 cm h-1 (USGA, 1993). The thatch and mat layer, soil compaction, soil texture, and soil
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layering can all affect the infiltration rate of soils (USDA, NRCS, 1998). Sand-based
constructed sites may initially have high infiltration rates because of the large pore size of
the sand, but layering can occur as the thatch and organic material build along with the
root and cause a reduction in saturated conductivity. Sodding with a fine textured nativesoil based sod can also cause the infiltration rate to decrease. Core-aerification and
topdressing with the same material, along with other intensive cultural practices can be
performed to help alleviate some of these issues effecting infiltration. The infiltration
rates in soil are often measured using a double-ring infiltrometer (Bouwer, 1986;
Gregory, et al., 2005).
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CHAPTER III
MATERIALS AND METHODS

This experiment was conducted during 2011-2013 at R. R. Foil Plant Science
Research Center (North Farm) at Mississippi State University in Starkville, Mississippi
and Sansing Sod Farm located in Maben, Mississippi. ‘Tifway’ hybrid bermudagrasss
was grown on a Marietta fine sandy loam soil at the North Farm (Fine-loamy, siliceous,
active, thermic Fluvaquentic Eutrudepts ) and ‘MS-Express’ hybrid bermudagrass was
grown on an Ora loam (Fine-loamy, siliceous, semiactive, thermic Typic Fragiudults ) at
the Sansing site. The existing hybrid bermudagrass was harvested with a commercial 76.2
cm sod cutter (30” large roll harvester, KWMI Manufacturing, Elberta, AL) and the plot
areas were then marked off and regrowth occurred from the rhizomes that remained after
harvest. The experimental design was a randomized complete block with four
replications. Each block consisted of 5 plots, with each plot measuring 3 x 6 m. The soil
at each site was also tested for particle-size analysis using the hydrometer method (Gee
and Bauder, 1986). Soil samples were taken to the Mississippi State Soil Testing Lab and
processed to determine soil nutrient levels and pH. Nitrogen was applied with a rotary
push spreader at both sites with the rate of 49 kg N ha -1per month as 33-0-0 during the
growing season (May-September). Phosphorus and Potassium were applied at each site
based on the soil test recommendations. Lime was also needed at the Sansing site and
was applied with a rotary push spreader based on soil test recommendations. Herbicides
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were applied as needed to each site. Rainfall data was also recorded at both locations and
is shown graphically in Figure 17 to 21 in appendix A to E.
Treatments were initiated at the North Farm in the Fall of 2011 and at Sansing in
the Spring of 2012. Treatments consisted of the following; 1) Control, 2) Topdress with
sand, 3) Aerify and topdress with sand, 4) 25 mm of sand, and 5) 50 mm of sand. Hybrid
bermudagrass in the control plots was grown on the native-soil rootzones and was not
treated with any sand or aerification treatments. In 2012 the topdress treatments at North
Farm and Sansing received 3 mm of sand every other week from June-August. In 2011
the North Farm plots received 2 topdressing treatments of 3 mm after August. The aerify
and topdress treatments were aerified prior to first topdressing at each site using a VertiDrain 7007 (Redexim-Charterhouse, Fenton, MO) hollow-tine aerifier. Aerification was
done to a depth of 50 mm, using 19 mm diameter hollow-tines, mounted on 35 mm
centers. Following aerification these plots received the same topdressing at 3 mm every
other week with sand. The topdressing treatments were applied by hand and the sand was
broomed or matted in into the turfgrass (Beard, 1973; Turgeon, 2008). The 25 mm and 50
mm sand treatments were applied at one time over the plot area and the turfgrass was
allowed to grow up through the sand. The sand used for the treatments at each site was
tested for particle-size analysis using the dry-sieve method (Gee and Bauder, 1986).
The plots were mowed with an Ex-Mark (Lazer Z, X-Series) 132 cm cutting
width, zero-turn rotary mower (Ex-Mark Manufacturing Inc., Beatrice, NE) at the
frequency based on the one-third rule (Turgeon, 2008). The 25 mm and 50 mm
treatments were allowed to reach 100% cover prior to the initial mowing. All plots
received water to avoided desiccation, either through natural rainfall or irrigation and
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hand-watering. Once all plots reached 100% cover the plots were rated for overall visual
quality (Beard, 1973; Turgeon, 2008; NTEP) and scalping. Both pre-harvest data
collections were rated using a 1-9 scale. Overall visual quality was rated with 1 being
brown, dead turf, 9 being green, healthy turf, and 6 being acceptable visual quality.
Scalping was rated as follows; 1 being the most scalping resulting in brown turf, 9 was no
visual scalping or green, healthy turf, and 6 was acceptable scalping quality. The preharvest data was analyzed using the GLM procedure (SAS Version 9.2, SAS Institute,
Cary, NC) and the means were separated using Fisher’s least significant difference (LSD)
procedure with the significance level of 0.05.
The plots were then harvested in large rolls, cut 76.2 cm wide using a commercial
harvester (30” large roll harvester, KWMI Manufacturing, Elberta, AL). Some treatments
would not lift using the commercial harvester and had to be harvested using a walkbehind 45.7 cm wide sod cutter. (Ryan Sod Cutter Jr., Schiller Grounds Care Inc.,
Johnson Creek, WI). The harvested sod was given a handle-ability rating on a 1-9 scale, 1
being the sod did not hold together, 9 being the sod held together perfectly and had no
rips or tears after transplanting, with 6 being acceptable. The sod was also tested for sod
tensile strength (Parrish, 1995; Sorochan and Rogers III, 2000; NTEP) measured in
kilograms of tension. A 45 cm piece of sod was placed on two plates mounted on the sod
stretcher. One plate of the stretcher was fixed and the other plate was attached to a handcrank and mounted on rollers. A push-pull scale was attached to the rope that is pulling
the plate on rollers and as the hand-crank was turned the sod was stretched between the
two plates and the amount of tension required to break the sod was measured and
recorded. The harvest data was analyzed using the GLM procedure (SAS Version 9.2,
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SAS Institute, Cary, NC) and the means were separated using Fisher’s least significant
difference (LSD) procedure with the significance level of 0.05.
The harvested sod was then transplanted to a sand-based constructed site on the
research green at Mississippi State University North Farm. The plot sizes on the sandbased green were 1.5 x 1.5 m and the harvested sod was hand-cut to fit these plots. The
sod was harvested from the North Farm site on September 13 and 27, 2012. Sod was
harvested from Sansing sites on June 10, 2013.All treatments from North Farm and
Sansing were treated the same during sod grow in time on the sand based site in terms of
water, fertility, and mowing. A starter fertilizer blend of 18-24-5 was used in the first 3 -4
weeks of establishment. All treatments were allowed to establish for a minimum of 3
weeks on the sand based site and 100% cover was achieved in all treatments prior to
infiltrations studies. Sod was tested for infiltration rates using a double-ring infiltrometer
(Bouwer, 1986; Taylor et al., 1991; Gregory et al., 2005; Follis et al., 2009). The postharvest data was analyzed using the GLM procedure (SAS Version 9.2, SAS Institute,
Cary, NC) and the means were separated using Fisher’s least significant difference (LSD)
procedure with the significance level of 0.05.
The double-ring infiltrometers used measured 30 cm for the inner ring and 60 cm
for the outer ring. Gregory et al., (2005) contend that larger rings allow for less error and
also outline the falling head technique which is one technique used when measuring
infiltration with a double-ring infiltrometer. Bouwer, (1986) also states in order to
minimize error use as large a ring infiltrometer as feasible. In the falling head method the
outer ring is maintained at a constant volume. This is to keep water in the inner ring from
leaking to the outer ring and maintain a vertical flow of water in the inner ring (Gregory
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et al., 2005). The rings were driven into each plot by placing a board across and
hammering the rings into the ground, trying to cause as little soil disruption as possible to
a minimum depth of 5cm (Bouwer, 1986; Follis et al., 2009). A level was used to ensure
the rings were level and then a ruler was taped to the inner ring. Water was added to the
outer ring and that water was maintained in the outer ring until the testing for that
particular plot was complete. Water was first added to the inner ring to approximately
100 mm and allowed to drain down to below 25 mm before testing started. This was
done to create more uniform conditions for all treatments and allowed the soil become
saturated or at least contain a certain amount of moisture before the measurements began
(Bouwer, 1986). After the water in the inner ring was allowed to initially permeate the
soil water was then added to the inner ring to a level of 76.2 mm and allowed to drain to
50 mm and the time was recorded. This step was repeated a second time and the time
recorded. The process was followed for all treatments and times recorded.
The first round of infiltrations on North Farm plots occurred on June 4 and 5,
2013. The first round of infiltrations on Sansing plots occurred on July 2, 2013. After the
first round of infiltrations all treatments were then core aerified using a Verti-Drain 7007
(Redexim-Charterhouse. Fenton, MO) hollow-tine aerifier. Aerification was done to a
depth of 50 mm, using 19 mm diameter hollow-tines, mounted on 35 mm centers. All
treatments were then fertilized with 49 kg N ha -1 watered and rolled. All treatments were
allowed to recover for a minimum of 4 days prior to the second round of infiltrations.
Second round infiltrations for North Farm plots occurred on July 1, 2013. Second round
infiltrations for Sansing plots occurred on July 8, 2013. The same technique was used to
measure infiltration. Infiltration data was analyzed using the GLM procedure (SAS
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Version 9.2, SAS Institute, Cary, NC) and the means were separated using Fisher’s least
significant difference (LSD) procedure with the significance level of 0.05.
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CHAPTER IV
RESULTS & DISCUSSION

Soil and Sand Properties
Soil Characteristics
North Farm Plots
The North Farm plot location is in the Marietta soil series. The Marietta soil is a
fine sandy clay loam that is well-drained alluvial flood plain soil and present throughout
Mississippi. The soil was tested for particle size using the hydrometer method of Gee and
Bauder (1986). The particle size breakdown indicated 67% sand in the North Farm
plots.(Table 3) The sand however was predominately in the fine to very fine soil particle
category and therefore did not meet the requirements outlined by most sand-based
systems. The high sand content did have an impact on harvesting the sod at the North
Farm. The clay fraction of the soil at the North Farm site was 30%.Soils with higher clay
and silt content generally have more cohesive properties or ability to in effect stick
together. The higher clay and silt content usually the more cohesive the soil. The larger
portion of sand in the original soil at the North Farm site may have caused some
treatments to not stay together at harvest.
Soil fertility was also evaluated. The results indicated phosphorous levels were
very high and potassium levels were low (Table 4) The Mississippi State Soil Testing
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Lab recommended 195.3 kg ha -1 of Muriate of Potash. There was no recommendations
for lime one the North Farm site.
Table 3

Particle size distribution of soil at North Farm and Sansing plots.

North Farm Plots
Sansing Plots

Table 4

Sand
67%
15%

Silt
3%
44%

Clay
30%
41%

Soil test results for North Farm and Sansing plots.

North Farm Plots
Sansing Plots

pH
6.4
5.4

Phosphorus kg ha-1
282
26

Potassium kg ha-1
169
332

Sansing Plots
Sansing plots were located in the Ora soil series. The series characteristics are
also a fine loamy soil that is moderately well drained and strongly acid. The surface soil
at Sansing was a silty clay loam that had little sand. The hydrometer test results indicated
only 15% sand in the soil at Sansing (Table 3). The higher percentage of clay and silt also
impacted harvesting the sod. The soil at Sansing contained a higher percentage of clay
and silt and because of this the soil was more cohesive and the sod stayed together at
harvest better compared to the North Farm plots. This site was once a sod nursery and it
is very likely the top 7.6 to 17.7 cm or more of topsoil had been removed from this
location. In the Ora soil series, once the Bt horizon is reached silt and clay content
increase and sand content decreases, and this was the case at this site.
Soil test results indicated as true to the Ora soil series an acid pH of 5.4. The soil
phosphorus levels tested low (Table 4). Mississippi State Soil Testing Lab recommended
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applying 6,103 kg ha-1 of lime to the plots along with 147 kg ha-1 of concentrated
superphosphate. There was no recommendation for potassium because the soil test levels
were sufficient.
Sand Characteristics
The sand that was used for all the treatments at North Farm along with the sand
that was used for all treatments at Sansing was tested for particle-size analysis (Figure 1)
using the dry-sieve method (Gee and Bauder, 1986). The sands both came from the
Hamilton, Mississippi area and originated as river sands. The sand used at North Farm
came from APAC Mississippi Inc. (Hamilton, MS) and had more of the fines removed
during the mining process and therefore met the USGA specifications (USGA, 1993).
The sand used at Sansing came from Holloway Brothers (Hamilton, MS) and contained
more fines compared to the sand used at North Farm as shown in Figure 1.
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Figure 1

Particle size analysis of the sand used at North Farm (N.F.S.) and Sansing
(S.S.) for the treatments

North Farm Plots
The sand used for all treatments at North Farm plots met the USGA specifications
for particle size (USGA, 1993). A minimum of 60% fell into the coarse and medium sand
categories and the fine sand category was slightly under the 20% maximum as defined by
the USGA (USGA, 1993). The sand also only contained 2% of very fine sand, silt, and
clay. Under the PAT System specifications 5-10% of the sand is called for in the form of
very fine sand (Puhalla, et al., 1999). The sand used at North Farm would therefore not
meet the criteria for the PAT System.
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Sansing Plots
The sand used for all the treatments at Sansing contained a total of 36.6 % fine
sand particles and only 55.8% medium and coarse sand particles. Because of these two
categories the sand used at Sansing did not meet the criteria outlined by the USGA or the
PAT System. Due to the higher percentage of fine sand contained in the sand used at
Sansing compared to that of the North Farm, this could have played a small role in the
results in terms of harvesting the sod. One reason a higher amount of very fine sand is
allowed under the PAT System’s specifications is due to stability concerns on athletic
field such as football and soccer fields. Therefore, more fines in the form of fine and very
fine sand along with silt and clay can be found under the PAT System’s guidelines to
help with the wear and tear a football field receives from the foot the traffic of an event.
The finer material in the soil provides more stability, therefore perceived that the higher
percentage of fine sand helped improve the harvest at Sansing.
Pre-Harvest Quality
Testing pre-harvest sod quality was important because of the visual importance of
selling sod into the market for the producer. Testing was done in order to understand if
adding different amounts of sand would cause the visual quality of sod to deteriorate
which could potentially affect the sale of sod in some cases. These tests consisted of
taking visual quality ratings and turf scalping ratings. Both visual quality and scalping
data was taken after all plots reached 100% cover. The plots were rated based on the 1-9
NTEP evaluation scale. On that scale 1 represents brown dead turf, 9 represents thick
dense perfect turf, and 6 is acceptable quality (Beard, 1973; Turgeon, 2008; NTEP).
(Figure 2, 3, 4 and 5).
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Visual Quality
North Farm Plots
Treatments where initiated in the fall of 2011 and all plots at North Farm reached
100% cover in July of 2012. The 25 mm and 50 mm treatments were the last two
treatments to achieve 100% cover. The data was collected on three different dates in July,
August, and September 2012 (Figure 2).Aerify and topdress treatments performed
significantly better overall the dates compared to the 50 mm treatment. The topdress only
treatments along with the aerify and topdress treatments performed the most consistently
across all dates. This is consistent with the findings of Kowalewski, et al., indicating
topdressing can aid in increasing shoot density and turfgrass cover (Kowalewski, et al.,
2010 b). Furthermore, topdressing can improve turfgrass quality and help in smoothing
the turfgrass surface (Beard, 1973; Turgeon, 2008). All treatments except the 50 mm
treatment reached acceptable quality prior to sod harvest.
Sansing Plots
Treatments were initiated at Sansing in the Spring of 2012 and all plots reached
100% cover in August 2012. Sansing plots showed the 50 mm treatments to again be the
last to achieve 100% cover. Data was recorded in August, September, and October 2012
(Figure 3). The pre-harvest quality of the Sansing plots was more variable than the North
Farm plots at the same stage of growth. In August the aerify and topdress treatments were
significantly lower in visual quality than the 25 mm treatments. However, in September
the 25 mm along with the 50 mm treatments were significantly lower than the topdress
only and the aerify and topdress treatments which was more consistent with the North
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Farm data. Again the only treatment that did not reach acceptable quality prior to harvest
was the 50 mm treatment.

Figure 2

North Farm visual quality* in July, August, and September 2012.

*Quality: 1 = lowest quality, 9 = highest quality. Values within a month with the same
letter are not statistically different according to Fisher’s LSD test at P<0.05.
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Figure 3

Sansing visual quality* in August, September, and October 2012.

*Quality: 1 = lowest quality, 9 = highest quality. Values within a month with the same
letter are not statistically different according to Fisher’s LSD test at P<0.05.
Scalping
North Farm Plots
North Farm plots were mowed with an Ex-Mark (Lazer Z, X-Series) 132 cm
cutting width, zero-turn rotary mower (Exmark Manufacturing Inc., Beatrice, NE) at the
frequency based on the one-third rule (Turgeon, 2008). The plots were mowed twice and
sometimes three times per week from June through August. Scalping ratings were taken
two times, once in August and again in September before harvest in September 2012. The
August ratings indicated topdress only and aerify and topdress treatments showed
significantly less scalping than all other treatments (Figure 4). This can most likely be
attributed to the topdressing in light frequent applications aiding the turf in promoting
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cover and also smoothing the surface allowing for a more even cut (Beard, 1973;
Turgeon, 2008).Again in the September ratings aerify and topdress treatments were
significantly better than the 50 mm treatments. More scalping occurred overall on the
heavier sand treatments due to the sand giving into the mower’s weight thus causing the
mower to sink into the sand and scalp the turf. Furthermore there were many undulations
present in the plot space at North Farm which added further scalping during mowing.
Sansing Plots
Sansing plots were mowed with an Ex-mark (Lazer Z, X-Series) 132 cm cutting
width, zero-turn rotary mower (Exmark Manufacturing Inc., Beatrice, NE) at the
frequency based on the one-third rule (Turgeon, 2008). The plots were mowed twice and
sometimes three times per week from June through August. Scalping ratings were taken
in September and October of 2012. Scalping at Sansing was much less overall when
compared to North Farm plots. This most likely had much to do with where the plots
where located. As mentioned North Farm plots were situated on somewhat of an uneven
grade. Sansing plots however, were located on a more flat area, that appeared to have
been scraped flat and this allowed all treatments to perform better in terms of scalping at
Sansing. The scalping data in September showed no significant differences between any
of the treatments (Figure 5), which can again be attributed in large part to the original
grade of the plot area at Sansing. Furthermore; ‘MS-Express’ hybrid bermudagrass was
developed for use on putting greens and exhibits a lower, more lateral growth habit. This
characteristic also aided the plots at Sansing and allowed them to perform better in terms
of scalping compared to North Farm plots.
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Figure 4

North Farm scalping rating* in August and September 2012.

*Scalping rating: 1 = most scalping, brown turf, 9 = no scalping, green turf. Values
within a month with the same letter are not statistically different according to Fisher’s
LSD test at P<0.05.

Figure 5

Sansing scalping rating* in September and October 2012.

*Scalping rating: 1 = most scalping, brown turf, 9 = no scalping, green turf. Values
within a month with the same letter are not statistically different according to Fisher’s
LSD test at P<0.05.
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Harvest Quality
All plots were attempted to be harvested in large rolls cut 76.2 cm wide and at
least 3.5 m long, using a commercial harvester (76.2 cm large roll harvester, KWMI
Manufacturing, Elberta, AL). Several treatments would not lift using this commercial
harvester and were harvested using a walk-behind 45.7 cm wide sod cutter. (Ryan Sod
Cutter Jr., Schiller Grounds Care Inc., Johnson Creek, WI). A 1-9 scale was used to rate
handle-ability of the sod upon harvest. Using this scale 1 was deemed poor handle-ability
(the sod fell apart) and 9 was excellent handle-ability (no tears or rips in the sod). The sod
was also tested for sod tensile strength (Parrish, 1995; Sorochan and Rogers III, 2000;
NTEP) measured in kilograms of tension. Only the treatments that were harvested using
the large roll harvest were rated for tensile strength.
Handle-Ability
North Farm Plots
North Farm treatments were harvested in September 2012. North Farm control
treatments and the 25 mm treatments were the only treatments capable of being harvest
using the large roll harvester. All other treatments essentially fell apart and turned into
sprigs when harvested. Because of this the remaining treatments were harvested with a
walk-behind 45.7 cm wide sod cutter. The walk-behind sod cutter cuts the sod in the
same manner as the large roll harvester but leaves the sod on the ground as opposed to
pulling the sod up a conveyor belt and rolling the sod. Because of this harvesting sod
with a large roll harvester was a more aggressive process. The sod must be strong or it
will be ripped to shreds upon being cut and rolled using this type of equipment (Figure
6). The treatments with 25 mm of sand or less were harvested using the large roll
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harvester. The sod was not strong enough to hold the loosely packed sand upon
harvesting the other treatments and was ripped to shreds. Even though the 25 mm
treatment was harvested using the large roll harvester the quality was still questionable.
The data indicates the control treatments were significantly better than all other
treatments and the only treatments above the acceptable mark of 6 (Figure 7). It is
unlikely that the 25 mm treatments could have been sold to an athletic field manager or
golf course superintendent because of the poor quality and lack of strength in the sod.
Control treatments performed the best and would be the only sod recommended for sale
in the market from North Farm plots.

Figure 6

72.6 cm large roll harvester, KWMI Manufacturing, Elberta, AL.
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Sansing Plots
All the treatments at Sansing were capable of being harvested using the large roll
harvester. The native soil at Sansing was 85% silt and clay and more cohesive than the
North Farm soil, which most likely had an impact on harvesting the sod. The sand was
also different compared to North Farm. Sansing sand contained 36.6% fine sand and
7.3% very fine sand compared to 19.5 and 1.6 respectively at North Farm (Table 3). One
more possible contributing factor was the weather. Sansing treatments were harvested in
June 2013. Sansing plots received 171 mm of rain in May and 60 mm of rain in June,
prior to harvest. For additional Sansing plot rainfall data please see Appendix D and E.
The amount of moisture in the soil may have also played a role in allowing the sod to be
harvested at Sansing. Similarly to North Farm the control treatments were significantly
better than all other treatments (Figure 8). Once these treatments were handled even
though data indicates no other significant differences, aerify and topdress treatments did
handle better compared to the 50 mm sand treatments in most cases.
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Figure 7

North Farm handle-ability* data in 2012.

*Handle-ability: 1 = poor handle-ability, 9 = excellent handle-ability, and 6 = acceptable.
Values with the same letter are not statistically different according to Fisher’s LSD test at
P<0.05.

Figure 8

Sansing handle-ability* data in 2012.

*Handle-ability: 1 = poor handle-ability, 9 = excellent handle-ability, and 6 = acceptable.
Values with the same letter are not statistically different according to Fisher’s LSD test at
P<0.05.
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Tensile Strength
North Farm Plots
Tensile strength data was recorded only for the treatments that were harvested in
large rolls. Both the control and 25 mm treatments were tested for tensile strength using
the sod stretcher (Figure 9) which is similar to one used by Parrish, 1995; and Sorochan
and Rogers III, 2000. Sod strength is typically test using a 45 cm wide piece of sod,
because the other three treatments were shredded upon harvesting with a large roll
harvester, a contiguous piece of sod 45 cm wide was difficult to come by in some cases
and using a small piece would not be an adequate representation of the strength of the
entire treatment. North Farm results show the control treatments were significantly higher
in tensile strength as compared to the 25 mm (Figure 10).Some research on Kentucky
bluegrass (Poa pratensis) has shown that 17 kg of tensile strength is adequate tensile
strength for that particular sod to be harvested (Sorochan and Rogers III, 2000). The
results from North Farm would echo those findings. Even though the 25 mm treatments
were harvested in large rolls the quality was not acceptable in terms of tensile strength for
sale to consumers.
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Figure 9

Sod stretcher used to test sod tensile strength in kg.

Sansing Plots
Tensile strength was tested and recorded for all treatments at Sansing except for
the topdress only treatments. The topdress only treatment was harvested using a large roll
harvester however, there was some rips and tears in the roll. After enough sod was cut to
transplant, the remaining sod was not wide enough to get an adequate tensile strength
number for the entire treatment therefore was not tested. As expected the control
treatment again was significantly stronger than the all other treatments (Figure 11).
Between aerify and topdress treatments, 25 mm, and 50 mm treatments there was no
significant difference. However, in the field upon transplanting, the different treatments
39

did indicate a difference. The aerify and topdress seemed to hold together and be easier to
grab and move around without tearing or ripping as compared to the 25 mm and 50 mm
treatments. This also reflected the handle-ability ratings (Figure 8).

Figure 10

North Farm tensile strength* data in 2012 measured in kg.

*Tensile strength values with the same letter are not statistically different according to
Fisher’s LSD test at P<0.05.
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Figure 11

Sansing tensile strength* data in 2013 measured in kg.

*Tensile strength values with the same letter are not statistically different according to
Fisher’s LSD test at P<0.05.
Post-Harvest Infiltration Testing
Infiltration rate is an important factor to consider in athletic field and putting
green situations. If the infiltration rate is decreased through soil layering, compaction or a
number of other factors this will in turn cause increased surface runoff and other drainage
concerns. In periods of heavy rainfall, this may mean game cancelations and or could
lead to injuries because of excess water on the surface of the field making the playing
surface slippery and dangerous. Furthermore, turf quality will potentially suffer and a
number of other issues could arise from major decreases in infiltration rates.
All treatments at North Farm and Sansing upon harvest were tested and then
transplanted to a sand based area at the North Farm. The plots were aggressively grownin and infiltration rates were tested using a double-ring-infiltrometer (Figure 12). As soon
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as all plots were grown-in, plots were tested initially (Test A) for infiltration and the
results recorded. After initial test all plots received aerification, fertilizer, rolling, and
water. The cores removed after aerification fell apart on the plots and were not removed.
The plots were then tested a second time (Test B) and the results recorded. Results were
recorded in mm hr-1 for each location.

Figure 12

Double-ring infiltrometer, inner ring = 30cm, outer ring = 60cm.
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Infiltration
North Farm Plots
The results from North Farm test A and B showed all plots met the range outlined
by the USGA (USGA, 1993). However the data did not show significant differences
among any of the treatments (Figure 13). The aerification did increase the infiltration
rates in test B for the control and topdress only treatments but only slightly and none of
the changes were significant. The 50 mm treatment recorded the highest infiltration
reading at 665 mm hr-1 which occurred in test A. The topdress only treatment recorded
the slowest reading at 476 mm hr-1 also during test A. The results from North Farm
infiltrations were inconsistent and showed no pattern or significant differences between
the sand treatments and the control (soil) treatments. The North Farm results when
compared to other studies showed faster infiltration rates in most cases. In one study that
tested infiltration in different sand soil combinations most sand treatments ranged from
200 to 300 mm hr-1 (Follis et al., 2009). In another study that tested infiltration rates on a
sandy loam soil found infiltration rates at 122 mm hr-1. It is likely that the accelerated
rates recorded are due to a lateral divergence of water flow. Bouwer (1986) discuses three
different ways that lateral divergence can occur when using double-ring infiltrometers.
Capillary forces, restricting soil layers deeper in the profile, and the water depth in the
infiltrometer are three different factors that can affect lateral divergence of flow.
First, unsaturated soil adjacent to the wetted soil inside the infiltrometer had a
more negative or higher potential to pull water from the wetted soil to the dry soil, this
process happens in uniform and layered soils (Bouwer, 1986). Secondly, different layers
of soil under the infiltrometer can cause a lateral divergence of water flow. In a USGA
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construction (such as the research green at North Farm) there is a uniform soil layer over
a uniform gravel layer. However, there may have been some slightly different textures in
the soil at the surface of the research green which could have led to layering in some
cases. Although, unlikely this could have caused a divergence of water flow and led to an
overestimation in infiltration rates. Lastly, the water depth inside the rings can also have
an effect on infiltration. The larger the pressure head or the more water inside the ring,
the greater the chance of water diverging horizontally and increasing the vertical flow of
water (Bouwer, 1986). In all three cases infiltration rates are overestimated which is
likely what occurred in testing infiltration on the North Farm plots. The increased rates,
especially on the control treatments, could also have been aided by cracks found in the
soil layer upon harvesting the sod (Figure 15). The cracks in the soil layer of some
treatments allowed the water to escape straight through to the sand during infiltration
testing. This was reflected in the increased infiltration rates in these cases.
Sansing Plots
The results from Sansing Test A and B also met the USGA specifications (USGA,
1993). The results however from Sansing as a whole indicated slower infiltration rates
when compared to North Farm data. This is likely due in large part to the native soil at
Sansing along with the sand used for the treatments at Sansing. The soil at Sansing
contained 44% silt and 41 % clay compared to 3% and 30% respectively at North Farm.
The base soil at Sansing contained a much higher percentage of fines (silt and clay)
compared to North Farm. Furthermore; the sand used for all the treatments at Sansing
contained 43.9% fine and very fine sand compared to only 21.1% in the sand used at
North Farm. The finer particle size of the soil and the sand at Sansing could have caused
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the infiltrations recorded from Sansing treatments to be slower compared to North Farm
treatments. At Sansing, aerify and topdress treatments showed the highest infiltration rate
of 526 mm hr-1recorded in test A (Figure 14). The slowest infiltration rate, 266 mm hr-1
was recorded in the 25 mm treatment of test B. There was no significant difference found
between any of the treatments at the Sansing plots. Much like North Farm, the infiltration
results from Sansing showed inconsistent findings and had no real pattern or indicated
any significant differences between the sand treatments and the control (soil) treatments.
Sansing infiltration results although slower than North Farm still remained faster when
compared to other studies. Again, this could be caused by overestimation of vertical
infiltration rates due to a lateral divergence of water flow. Furthermore, especially in the
control treatments, the cracks in the soil layer upon harvesting the sod (Figure 15) could
have allowed some water to move rapidly into the sand below with little or no impedance
during testing. This was reflected in the increased infiltration rates in these cases.
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Figure 13

North Farm infiltration results

Test A = initial testing and Test B = second testing after aerification. The results are
recorded in mm hr-1. Treatments were not statistically different according to Fisher’s
LSD test at P<0.05.

Figure 14

Sansing infiltration results

Test A = initial testing and Test B = second testing after aerification. The results are
recorded in mm hr-1. Treatments were not statistically different according to Fisher’s
LSD test at P<0.05.
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Figure 15

North Farm control treatment (soil only) indicating cracks in the soil layer.

Figure 16

Sansing control treatment (soil only) indicating cracks in the soil layer.
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CHAPTER V
CONCLUSIONS

Sand-based systems are excellent choices for athletic and golf course situations
because they provide resistance to compaction and have a great capacity to move water
through the rootzone to avoid cancelations due to weather to name a few benefits. Puhalla
et al., (1999) along with Beard (1973) and others indicate some concerns when
establishing a sand-based rootzone with sod grown on soil. This study attempted to
address some of these concerns. The study looked at the possibilities of producing sand
based sod on a fine-textured native soil and tested the sod in different capacities to see
how it performed.
For both North Farm and Sansing aerification and topdress and topdress only
treatments along with the 25 mm treatments performed better during the sod
establishment period prior to sod harvest. The goal with the topdress treatments was to
topdress 25 mm of sand during the grown-in period. Therefore, it can be concluded that
in terms of pre-harvest sod quality 25 mm of sand performed better than 50 mm of sand.
The results show the sod at Sansing harvested, handled, and tested higher in
tensile strength when compared to the North Farm sod. The native soil at Sansing along
with sand used for the treatments at Sansing could have been a factor in how well the sod
harvested using the large roll harvested compared to the North Farm sod. Moisture in the
soil at the time of harvest may have further impacted the results. Even though Sansing
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treatments harvested better, of the sand treatments at both locations the aerify and
topdress treatment along with the 25 mm treatment had better results in harvesting.
The findings from this study indicate the target depth would be a maximum of 25
mm when producing sand-based sod on native soil. Core aerification followed by
topdressing could benefit the growth of sand-based sod on native soil by replacing some
of the native soil with sand. More than one aerification could be utilized during
establishment followed by topdressing. In order to reduce costs, topdressing could be
applied less frequently, but at a higher rate.
Further research should be conducted to better determine the optimal amount of
aerification coupled with a more defined topdressing schedule. Research should also look
at sprigging straight into sand for establishing and harvesting sand-based sod. Sprigging
could potentially produce sod that is more suitable for sale into the market. Based on the
findings of this study more research is also needed to address the water infiltration
concerns when establishing sand-based rootzones using soil-based sod.
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APPENDIX A
NORTH FARM PRECIPITATION RECORDED IN 2011
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Figure 17

Recorded rainfall amounts from August-December 2011.
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APPENDIX B
NORTH FARM PRECIPITATION RECORDED IN 2012
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Figure 18

Recorded rainfall amounts from August-December 2012.
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APPENDIX C
NORTH FARM PRECIPITATION RECORDED IN 2013

58

Figure 19

Recorded rainfall amounts from January-July 2013.
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APPENDIX D
SANSING PRECIPITATION RECORDED IN 2012
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Figure 20

Recorded rainfall amounts from June-December 2012.
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APPENDIX E
SANSING PRECIPITATION RECORDED IN 2013
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Figure 21

Recorded rainfall amounts from January-June 2013.
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